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'W. C a  Case 

Subject: Hydraulic model studiea. of the  8tilllng-veil for  the blo-ff 
s tmcture,  Soap Lake (Inverted) Siphon-Columbla Basin Project. 

T o  develop a e t i l l i n i - w k ~  which hdl l 'd i ss ipa te  the energy of 
t h e  high-pressure flow Pan the blow-off line draining t he  inverted 
siphon a t  Soap Lake. 

1. The most sat isfactory s t i l i ing-wW. developed from these model 
studies i s  one vdth f i l le t  corners ( f i g u r e  M). There i s  a difference 
of 6 inches betmen the  crest  and trough of t h e  waves measured on the  
1-1/2:1 slope of the trapezoidal channel 15 feet downstream fram t he  
weU. when t h e  blow-off ia discharging 75 .cf s. 

2. A n  octagonal. w e l l  with bide 6 projections (Pigure 40) hi 
as sat isfactorp hydraulical3y as  the w e l l  with f i l l e t  comers, but the 
l a t t e r  i s  preferred because of i t s  simplicity. 

3. For best operation of the  vertical-type well the discharge 
pipe should be placed ver t ica l ly  i n  the  center of the nll and extend 
t o  within 1-1/2- t o  2-1/+-~i~e diameters of t h e  w e l l  floor. . 

4. The vertical-type stilling-well,- being compact and simple, 
can be used economicaLZy for 'diss ipat ing the energy of high-pz-essura 
flow from outlets where space is U n i t e d  and tranquil  flow is impor- 
t&. 

5. The usefulness of the vertical-type stilling-well would be 
great ly increased by the  development of a suitable cavitation-free 
regulating valve. (The gate valve in the blow-off structure a t  Soap 
Lake should be operated -part ia l ly  opened f o r  a minimum time only.) 



For the  Soap Lake siphon blan-off, ass a stilling-well 7-1/2 
fee t  square, 11 fee t  deep, and with four corner f i l l e t s  (Mgnre a). 
Place the 16-inch downspout ver t ica l ly  a t  the  center of the well and 
terminate it 2-1/2 f ee t  above t h e  w e l l  f loor  ,, 

INTRODUCTION 

The West Canal i s  one of the prominent features  of the  Col- 
bia Basin Project; i t  s t a r t s  a t  t h e  bifurcation works of the  main c d  
just nwth  of Adrian, Washington, and axtends south and west f o r  80 
miles in to  the Columbia Basin t o  furnish i r r iga t ion  w t e r  f o r  about 
281,000 acres (Mgure 1). Most of this acreage is now nonproductive 
land. The course of the canal crosses Soap Lake about 8 miles  north of 
Ephrata, Washington. It ma planned originally t o  place an inverted 
siphon uxier the  lake, but undesirable foundation conditions rendered 
this infeasible, and the siphon was routed around the lake. 

The siphon i s  12,833 f e e t  long, 22 fee t  4 inches i n  diameter, 
and a t  i t s  lowest point, elevation 1074.0, i s  246 f ee t  lower than the  
open canal. A blow-off i s  provided i n  an  inverted siphon t o  drain it 
fo r  inspection and maintenance, and i n  t h e  usual case t h e  waste water 
i s  released at  t h e  lowest point and allowed t o  flow in to  a watercourse 
nearby. A t  Soap Lake, hwever, the saline water i8 of camnercial value 
and the  di lut ion which would ensue i f  the  siphon kwe  drained into it 
was considered objectionable. Therefore, the main blow-off was placed 
a t  elevation ll07.5, 33.5 f e e t  higher than the  low point of the  siphon, 
and a drainage channel constructed t o  Lake Lenore about 8,000 fee t  from 
Soap Lake, The water below e l m t i o n  1107.5 w i l l  be pumped t o  the  main 
blow-off drainage channel. 

The b l o w f f  structur e (Figure 2) consists of a 16-inch l h e  
directed downward in to  a sti l l ing-well  a t  the head of the drainage chan- 
nel. This 16-inch l ine,  located a t  Station 463hO of the West Canal ,  i s  
appmxbately 40 fee t  long with a gate valve near the downstresm end. 
The stiLlling-well in to  which the l i n e  discharges was original ly t o  be 
6 f e e t  square and 10 f e e t  deep, while the  channel downstream was trape- 
zoidal with 14/2:1 side slopes and a &foot bottom, 

The stilling-well was considered the most economical s t ructure 
for  dissipating the energy of the  high-pressure flow, but there #8s 

l i t t l e  information a s  t o  the proper s i ze  and shape required f o r  satis- 
factory operation; therefore studies were made with an h y d r a l i c  model. 
The re su l t s  obtained can b e  used as a basis fo r  f'urther studies of a 
general nature t o  permit c a t p r i s o n  of this type of w e l l  bdth other 
s t U n g  strmctwes. 

The quantikies and dimensions used i n  this report refer  t o  
the prototype unless otherwise indicated. 



1:4 Scale Nodel 

A 1:4 scale model of  the  Soap Lake siphon blow-off s t ructure 
was constructed t o  include a 4-inch line and gate valve, a s t i l l ing-  

* well structure,  and a portion of the trapezoidal drainage channel 
(Rgure 3) .  The blow-off l i n e  approached theostiiling-well hor iwnta l ly  
enrl was turned downward in to  t h e  well by a 90 elbow* This ve r t i ca l  

J section of pipe, with a 4-inch by 3-1/2-inch reducer on i t s  open end, 
was so arranged tha t  the distance from the  reducer t o  t h e  w e l l  bottom 
could be  adjusted as desired. Water was supplied by a laboratory pump 
and the  discharge measured with a venturi-oafice meter. 

The model stiUing-well ,  lined with sheet Lmn and containing 
an adjustable bottom, represented a well 6 f ee t  square with a maximum 
depth of 2l fee t .  The trapezoidal channel a t  the heachmrks around the  
w e l l  and downstream f o r  a distance of 20 f e e t  prototype was constructed 
of comrete. Beyond this point, pea gravel was used t o  represent 60 
f e e t  of riprapped and natural channel. A t a i l  gate was placed a t  the  
downstream end of the  channel to regulate the  water surface. 

A point gage t o  measure the water surface i n  the channel, a 
sca le  t o  measure wave variations on the l-1/2:3 slope, and the vent&- 
o r i f i ce  meter mntioned above, were the only instnrments used in the 
operation of the model, The t e s t s  for  each change i n  design, aize, o r  
shape of the sti l l ing-well  consisted of regulating the discharge t o  t h e  
model, adjusting the water surface elevation i n  t h e  channel, and observ- 
ing the flow conditions above the  w e l l  and i n  the channel., 

1:s Scale Model 

Two conditions observed i n  t h e  first model l e d  t o  char!& the  
m a d e l  sca le  t o  1:5. -st, the  capacity of the bbora tory  pump was too 
s m a l l  t o  give the required discharge fo r  a 1:4 scale and secondly, a 
la rger  w e l l  was thought t o  be a logical  s tep toward securing tzwqail 
flow. A change t o  the  smaller scale overcame these two obstacles kd%h 
t he  fewest changes t o  the  modal. A l:5 scale  permitted t h e  pump t o  de- 
Uver 20 percent greater t i n  the  normdl discharge; t h e  act.& s i z e  of 
the  well i n  the model w&s not changed, making in e f f e c t  a prototype w e l l  
7-1/2 f e e t  square, The width of the channel bottom in t h e  model waa da- 
creased t o  retain t h e  6-foot width of t h e  prototype, but the model lengths 
of the concrete section and t h e  gravel section were l& unchanged. 

I n  order t o  u t i l i z e  the adjustable downspout and the  4-inch sup- 
ply l ine,  the ent i re  sect ion was raised until t h e  adjusting mchanim was . above t h e  water surface, then a smaller pipe was attached t o  the sliding 
section t o  represent the  &-inch downspout (figure 5). This change msde 
the aodel d i f f e r  f'rom the  prototype i n  that the  harisontal section of %he 
blow-off line, leading t o  the downspout, entered the w e l l  above instead 
of below t h e  water surface, 



With the l:4 model operating at  a discharge representing 60 
cfs, there was R violent boiling above t h e  corners of the w d l l  andl con- 
siderable wave action downstream. The discharge fictm the blowloff pipe 
apread out radially on the well f loor and concentrated in the comer8 
after str iking the walls of the well, It was noted that  the naves pro- 
duced by the boils were short and choppy, had no particular p t t e m ,  
and were Boon damped out i n  :he trapezoidal channel. 

To * h a b u s h  a crl ter lon for  the  tranquility of flow, aside 
from observation of the scour of the graved. portion of the model channel, 
a measurement was made of the m&mm high and l o w  variation of the  waves 
on the  1-1/2:1 concrete slope about 1 5  feet (prototype) from the  down- 
stream edge of the  s t i l l i n g - W .  I n  t he  original design, with a dis- 
charge representing 60 cfs, this variation was the equivalent of about 
4 feet .  Since these conditions were unsatisfactory, and sLnce a maxLmnu 
prototy? e discharge of 75 cfs  was desired, the model s tala wa9 changed 
t o  1:5. 

Downspoi& 
I 

Tests were conducted t o  study the shape of the discharge end 
of the  downspout, the depth of the domepout end, and the depth af t h e  
s t i n g -  Sizes and distances given i n  the text  and on CIA drawings 
are f o r  optimum f l o w  conditions. A discharge of 75 c f s  prototype ms 
maint; ained unLess otherwise in& atedo The depth of t he  water ia t h e  
drainage channel was maintained a t  3 fee t  prototype, 

A 16- by &-inch reducer placed at the l a w e r  end of t h e  down- 
spout prd.dced a wave W a t i o n  on the 142:l slope of 3-1/2 fee t  when 
the pipe end was 10 feet and the wall floor U+ feet belawthe channel 
bottom, 

A &might pipe end produced wves of 3-l/2 fee t  on the  
1-1/2:1 slope when the  pipe end was 8 fee t  and the well floor 10-1/2 
fee-k below the channel bottom. 

A 16- by 20-jaach enlarging sect ion 2 feet long produced 
3-1/2-foot waves *en the  f loor was 10 feet and t he  pipe end 7 feet 
below the channel bottom, Since a diverang s ection would cause a 
draft-tube action which might produce dangerously low pressures i n  
the  blow-off pipe, this design was not conaidered f easible. Beeawe 
the straight pipe end required a smaller ski l l ing-nel l  floor dspth 
than the converging nozzle, this desi* was considered t o  be the best. 
Eigure 6 shows the water surface conditions f o r  a discharge o f  75 cfs 
and 90 cfs  with the  well f loor  l.l feet and a s t ra ight  pipe end 6 4 2  
fee t  below the channel bottom. 



A model study of the l*lasonvilLe turn-out, i n  trnich an  oblong 
s t ;Ung-wel l  kith a submerged discharge pipe ms used t o  dissipate  the 
energy before the  water entered a basin above a measuring w e b  (Hydraulic 
Laboratory Report ?37), showed t h a t  a baff le  w a l l  bet%man the s t i l l i ng -  .. well and t h e  weir basin produced very good flow conditions. However, the 
ver t ica l  velocity h this sti l l ing-well  was somewkt l e s s  than t h a t  ex- 
pected i n  t h e  Soap Lake siphon b l o w f f  structure. 

4. 

Tests were made t o  -lore the  poss ib i l i t ies  of the  baf f le  wall 
i n  connection with the  Soap M e  siphon blow-off structure. In these  
t e s t s  t h e  sti l l ing-well  f loor  was maintained a t  U. fee t  and t h e  s t r d g h t  
pipe end a t  8-1/2 f ee t  below t h e  channel floor. 

A baff le  wall 1-foot thick was placed across the  drainage chan- 
nel  at the  dovmstream edge of t h e  stilling-well. !be first design had 
eight openings 18 inches square with +inch part i t ions between. The w a l l  
was symmetrical about the center l i n e  of the  channel with t h e  bottom of 
three of the  openings on t h e  channel f loor  and the  other five 27 inches 
higher. The flow with this zrrangement was unsatisfactory with a wave 
variation on the  1-1/2:1 slope of 3-1/2 feet .  The upper holes were not 
submerged and very l i t t l e  damping action occurred. 

The same w a l l  with the upper f i v e  holes closed ooas next tested. 
The wave variat ion on t h e  slope was about 3 feet .  The water boiled up 
just  downstream fromthe w a l l  causing unsatisfactory f low  conditions. 

The three lower holes were increased i n  height and the  top 
sloped t o  deflect the flow downward, This revision, making t h e  holes 18 
inches wide, 30 inches high on -the upstream face and 24 inches high on 
t h e  downstream face (Figure &t) produced a flow with very l i t t l e  wave 
action; however, the  flow was concentra'ted in  the  center of t h e  channel 
and caused scour of t h e  gravel c h a ~ e l  bed. 

It was apparent t h a t  a more complex bzffle w a l l  would be neces- 
sarg t o  d i s t r ibu te  the  flow uniformly i n  the  c;t.zannei and since s h p k i c i t y  
of design was considered t o  be of major importance, t he  t e s t s  on the baf- 
f l e  walls were not continued. 

FPoor Pedestals 

I n  a n  ef for t  t o  deflect  and d i s t r i b d e  the  flow, a pedestal was 
placed on the sti l l ing-well  f loor  below t h e  pipe. I n  these t e s t s  t h e  
three p ipeend shapes mentioned previously were used and the  f l o o r  depth 
and pipe-end depth varied t o  f ind  t h e  optimum conditions. 

J 

The fhst pedestal tes ted  was 32 inches i n  diameter and 16 
inches high; t h e  second was the  same diameter and 8 inches high (figure 
4A). The pedestal was placed i n  t h e  center of the well floor d i rec t ly  



least objectionable occurring when tho dive&ng pipe end sec t io iwaa  
used, The flow appeared t o  be similar t o  that  -without a pedestal. 

The th i rd  pedestd,  2 f ee t  8 inches in  diameter, had d g h t  
r ad ia l  teeth equally spaced (EYgure @). The surface boils  with this 
design were somewhat W l e r  than those with the  nontoothed pedestal. 
Minimum wave variation on the  1-1/2:1 slope was about 3 fee t  with the 
end or' t h e  s t ra ight  pipe €342 f e e t  and the w e l l  f loor  Y f e e t  below 
the channel bottom. 

I Although the toothed pedestal showed tendencies t o  produce 
be t te r  flow conditions on t h e  surface, the danger of cavitation a t  
the teeth wlth high veloci ty flow precli~ded M h e r  study d o n g  this 
l ine.  

Circular Walls 

To di rec t  the  flow off  the well f l o o r  away from the walls 
axd corners, ve r t i ca l  circular walls of various diameters and heights 
were placed on the w e l l  f loor  concentdc with ,the out le t  pipe. Walls 
vdth inside diameters of 4 feet,  5 feet,  and 6 f ee t  8 inches, and 
heights ranang from 10 inches t o  30 inches were tr ied, each produc- 
ing  unsat5.sfac.i;ory flow conditions. I n  all cases the  surface boils 
appeared around the downspout. 

The best  of these designs was a wall 6 f e e t  8 inches h i d e  
diameter and 10 inches high (figure M ) .  The wave vsrlation on the 
1-1/2:1 slope i n  t h i s  case was about 3 feet 4 inches. 

Corner Black8 on the S t i U - w e l l  Floor 

Four blockso 30 inches s-e and 18  inches high, were placed 
on t h e  well f loor ,  one i n  each corner (FSyre  @). The flow boiled up 
along the  walls of the well causing a wave variation on the 1-v2:1 
slope of about 3 fee t ,  

b o t h e r  design consisted of blocks placed diagonally fram the 
corners extending 2 feet 6 inches toward the center of the well. These 
blocks were 8 inches high and 18 inches wide (Figure 4F). The flow 
with the blocks alone was similar 'but f a r  l e a s  v i o l e n t  than t h a t  pro- 
duced by t h e  unobstructed well. Boils occurred above thc w e l l  :-~rnms 
causing a wave variation on the  1-1/2:1 slople of about 20 inchera, . 

Corner rillets were used in conjum t i o n  tzdth these f loor  
blocks t o  diver t  t he  flow away f r m  t h e  corners of %he well. The fib 
l e t s  were placed 30 inches above the f loor  blocks; they were triangu- 
lar in plan wLth ver t ica l  faces 1 8  inches .wide and 6 inches high, and 

b 

the  upper and lower faces of t h e  f i l l e t s  ~~Aended  t o  the well. corllers 
on a 1:l slope (Figure 4F). The flow &tZi this design was reasonably 
t ranquil  with a madmum wave variation on the  1-1/2:1 slope of abou"J 



flow, but there was adanger  tha t  sediment d g h t  f i l l  up the spaces 
around the blocks om the  wel?. floor causing the  flow pattern t o  change 
thereby reducing th'e energy dissipating a b i l i t y  of the design, 

Corner Shelves . 
A ser ies  12f t e s t s  were rnade using triangular corner shelves, 

isoceles i n  plan, S l x  sizes ranging f r o m  10 inches t o  -34 i n c h a ~ ~  . i n  leg  lengths were tested a t  distances of 2 feet ,  1+ feet,  and 6 f e d  
above the well floor ( M p e  a). When the shelf m?asuz%cg 10 incheu 
on a s ide was used the water boiled up above the w e l l  corners as be- 
fore, t he 12-1/2-inch shelf produced a very turbulent surface with wa-. 
t e r  boiling up aintermittently w e r  the ent i re  surface above the  well, 
and shelves la rger  than 12-1/2 inches caused tho boi ls  to  appear above 
the center of the  well around the downspout0 !Rle best  flow conditiom 
were achieved using a she l f  2 f ee t  6 inches on a side and s e t  4 f ee t  
above the w e l l  floor, This design produced a wave variation on the  
1-.1/2sl slope of about 2-1/2 feet. 

Shelves with circular oponirgs were tested a t  heights of I 2  
inches, 3 feet,  and 5 f e e t  above the well f loor ,  Two sizes, one 5 feert 
and the other 7 feel; 3 inches in diaaeter weretested; the best r e s u l t s  
were obtained with l,he larger  opening and the shelf s e t  a t  3 f e e t  above 
the  well floor ( R i p r e  4 ~ ) .  The wave variation on the  1-1/2:1 slope i.n 
t h i s  case was about, 3 fee t  4 inches. 

These t e s t s  indicated tha t  neither t h e  corner nar the  circular  
shelf, when used alone, could sa t i s fac tor i ly  dissipate  the energy to be 
encountered i n  t h i s  part icular  stiSling-well. 

Octaaonal-shaped Well 

I n  the fol2owing t e s t s  the w e l l  f loor  was fixed at a depth of 
ll feet below the channel bottom, 

Several t e s t s  were made using an eight-sided wel l  16th varLous 
side widths, The eight-sided effect was achieved by placing ve r t i ca l  
walls i n  each corner, Flow was best when the shape of well approached 
a t rue  octagon i n  plan, with the ver t ica l  faces of the corner walls 
about 5 f e e t  high, I n  t h e  i n i t i a l  t e s t s  the tops of the corner walis 
were horizontal; a f t e r  finding the  optimum width and height of wall, the 
top was sloped up and back t o  the corner. It was found tha t  the flow 
remained the same f o r  skopes of the top f l a t t e r  than 0.65:1. If the 
slope was steeper than tha t  value, the upward flawing water clung t o  t h e  
sloping face  and boiled up above the well corners. 

A wave variation of about 20 inches on the 1-1/2:1 slope 
occurred when the corner walls were 5 f ee t  high and formed a well octa- 
gonal in plan; the  major disturbance was caused by a flow up along the  
s ide walls. Projections, 9 inches high and 3-3/4 inches thick, were 



I ~ i ~ u r e  43). The wave variation on the  1-L/2:1 slope with t h i s  design 
was about 6 inches and there was no app~eciable  scour downstream. An 
objectionable feature of the design was the  horizontal projection which 
would present some d i f f i cu l ty  of construction. 

Comer F i l l e t s  (Final Desim) 

Several shapes of deflectors, referred t o  as corner fU, le ts ,  
were mounted above t h e  well floor,  one in each o f t h e  ve r t i ca l  corners, 
t o  deflect and d is t r ibute  the  flow a f t e r  it s tar ted  upwaFd. I n  the  fol- 
lowing t e s t s  tho well floor remained square, f r ee  of any obstruction, 
and 11 feet  below the  drainage channel bottom. The pipe end was 2-1/2 
feet above the  well floor. 

One f i l l e t  tested had a surface curved i n  the ver t ica l  plane 
as i f  a pipe were embedded i n  each verticaL corner of t h e  well, t he  axis 
of the pipe horizontal, making an angle of 45' wi th  t h e  w a l l s  of the 
well, and se t  i n  such a manner t h a t  the exposed f i l l e t  face was l e s s  
than a half ci rc le ,  One f i l l e t  of t h i s  type, having a face radius of 
22 inches, a height of 3 feet  4 inches, end a m u m  width of 2 f ee t  
8 inches with the  bottom point 15  inches above the well floor,  was 
tested. The flow with t h i s  fillet was unsatisfactory. The waves on the  
1-1/2:1 slope 15 fee t  downstream from the  well had a maximum variation 
of about 2 feet.. The surface boi l s  occurred intermittently above the  
aorners as before, but were somewhat l e s s  violent, indicating tha t  some 
redistribution o f  the  flow was being accomplished. 

The f i l l e t  was revised by replacing the upper half with a rec- 
tangular p la te  2 fee t  8 inches wide and 20 inches high, mounted ver t ica l ly  
and tangent t o  the f i l l e t .  This change aided i n  damping out the undesir- 
able surface boi ls ,  and the  waves on the  1-1/2:1 slope had a variation of 
about 20 inches. 

Another corner fillet was made of f l a t  surfaces, one face being 
rectangular and placed vert ical ,  diagonally across the comer; another 
surface extended from the  lower edge of t he  ve r t i ca l  face down and back 
t o  the corner of the well; the  spaces behind the  surfaces of the  fillet 
were not f i l l e d .  The flow with t h i s  design was surprisingly tranquil. 
Several s izes  and variations of t h i s  type of f i l l e t  were tested. 

The best r e su l t s  were obtained with a f i l l e t  37-1/4 inches wide 
with t h e  lower surface sloping back t o  the well corner on a 0.71:l slope 
intersecting the  corner 12 inches above the floor,  t he  ve r t i ca l  face was 
21-3/l+ inches high and t h e  upper surface sloped up and back t o  the  wall 
corner on t h e  ame slope as t h e  lower surface (Figure @I). The 0 91: 1 
slope of t h e  lower face i s  c r i t i c a l ;  t he  upper face, hawever, was eloped 
f o r  ease of f i e l d  construction and can be equal t o  or  flatter than  the 
slope suggested here. The flow with t h i s  design produced water surface 
variations on the  1-1/2:1 slope of about 6 inchee for  a discharge of 75 
c f s  and about 9 inches fo r  a discharge of 90 c f s  (Figure 7). Because of 
t h e  t ranquil  conditions obtained with t h i s  design it was recommended 
fo r  the Soap Lake siphon blow-off drain. 
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KEY TO NUMICRS 

a 4 ~ n c h  supply l ~ n e  

@ 4 Inch gate valve. 

@ Verttcol dornrpout ,  odjurtabla tn length 

@ 4' I 3;- reducer 

@ False floor, ad ju r tob l t  verf~col ly  

@ Sha l t  metal  floor 6 ro l l s  of r t t l l lng .ell 

COL'UYBIA BASIN  PROJCCT - WASUIWQTOW 

S O A P  L A K E  SIPHON 
BLOWOFF STRUCTURE 

ISOMETRIC SECTION THROUOM CENTER LINE 
OF 1 8 4  YODEL RICRLSLNTIWO A 

CROYOTYPC WELL a CCET SQUARE 
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Model of the s t l ~  well for the loap Iake Siphon 
Blowoff Btructure I&- the trapezoidal drainage channel, 
upper portIan of the ati l l ing w e l l ,  and the downspout. 

Dimensitme Prototype: 
Slope or channel aide8 - - - - - - - 1g:l 
Width of chsrmel bottom- - - - - - - ft .  
S i z e o f m U - - - - - - - - - -  - - 7.5 ft.  quar re 
Dismeter of down~pout- - - - - - - - l6 inchlee 
Design depth of water In chsnnel - - 3 ft.  
loorma1 discharge - - - - - - - - - - 75 cfe 

Model Scale - L:5 



Flow from the well as originally designed. 

Model Scale - 1:5 



B. 90 cfe 

Flow from the et1lLb.g w e l l ,  f a 1  daelgn 

W e 1  Scale - 1:5 
lo(.* - ltmkaullm - O u a r .  C o b .  


